T has white, smooth, cylindrical spores that are borne in simple rectus flexuous spore-chains. These three isolates differed from known pathogenic strains by analysis of 16S rRNA gene sequences in a previous study. Furthermore, genetic uniqueness of our isolates was confirmed by sequencing of the 16S-23S internal transcribed spacer (ITS) region, which indicated that isolates S63
T and S78 T belong to the genus Streptomyces and have low homology to other Streptomyces species (less than 71?2 and 75?7 %, respectively). The 16S-23S ITS region of strain S77 T was not amplified by these primer sets. DNA-DNA hybridization results for all three isolates show distant relationships to previously described Streptomyces species; therefore, on the basis of polyphasic evidence, the names In Korea, potato common scab disease was first reported to be associated with diseased tubers (Kim & Lee, 1996) and, subsequently, strains identified as Streptomyces scabiei, Streptomyces turgidiscabies and Streptomyces acidiscabies were isolated from diseased tubers (Kim et al., 1998a, b) . In this study, symptoms of potato scab in tubers collected from Jeju Island (raised corky lesions) were distinct from those typically seen elsewhere in Korea; isolates derived from these lesions showed distinctly different morphological features. In a recent study, we examined fatty acid profiles, 16S rRNA gene sequences, the pathogenicity-linked genes nec1 and ORF-tnp and the production of phytotoxin by Korean pathogenic Streptomyces strains (Park et al., 2003) . In particular, these three isolates showed distinct variation from other Streptomyces isolates in 16S rRNA sequences and had no homologues of the nec1 and ORF-tnp genes. Therefore, these strains are characterized here as novel species of the genus Streptomyces. The purposes of this study were: (i) to characterize the detailed morphological
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The GenBank/EMBL/DDBJ accession numbers for the 16S-23S ITS sequences determined in this study are given in Table 1 .
properties of these pathogens; and (ii) to confirm relationships between strains with different phenotypic characteristics by 16S-23S internal transcribed spacer (ITS) region sequences, DNA-DNA hybridization and DNA base composition. According to our results, three novel species are proposed: Streptomyces luridiscabiei sp. nov., Streptomyces puniciscabiei sp. nov. and Streptomyces niveiscabiei sp. nov.
Twenty-three strains were used in this study, including six pathogenic strains from Korea and 17 reference strains (Table 1) . Strains S63 T , S77 T and S78 T were isolated from diseased potato tubers in Jeju Island, Korea (Park et al., 2003) .
Spore-chain morphology, spore colour and spore ornamentation were assessed as described by Shirling & Gottlieb (1966) . Characteristics of the spore-chains and spore colour were determined respectively by direct microscopic examination and visual observation of cultures grown on yeast malt extract (YME) agar at 28 u C for 26 days. Spore ornamentation was examined by using scanning electron microscopy.
Total DNA was isolated from Streptomyces strains by using the method of Healy & Lambert (1991) . 16S-23S ITS region sequences of the test isolates were derived from fragments generated by PCR with the following primer sets: AM44 (59-CTTCGGGGTGTGGGGACTCAC-39, corresponding to positions 1113-1134 of the 16S rDNA in 'Streptomyces lividans' TK21) and AM42 [59-CAAGGGCATCCACCGT-39, corresponding to positions 21-35 (reverse complement) of the 23S rDNA in L1 strains (Jensen et al., 1993; Mehling et al., 1995) ]. Amplification was carried out with 5 pmol of each primer and 2?5 U Taq polymerase (Promega) under the following conditions: denaturing at 95 u C for 1 min, annealing at 45 uC for 40 s and extension at 72 uC for 2 min, for 30 cycles. Amplified fragments were then sequenced directly by cycle sequencing using an ALFred DNA sequencer and an AutoCycle sequencing kit (both from Amersham Biosciences) with M13 forward and reverse primers. 16S-23S ITS sequences were aligned by using the MEGALIGN program of DNASTAR. An evolutionary distance matrix was generated as described by Jukes & Cantor (1969) . The evolutionary tree for the dataset was inferred by using the neighbour-joining method (Saitou & Nei, 1987) in the MEGA program (Kumar et al., 1993) . Stability of relationships was assessed by performing bootstrap analyses of the neighbour-joining data, based on 1000 resamplings. The nucleotide sequences determined have been deposited in GenBank under the accession numbers shown in Table 1. To determine genomic relatedness, the filter hybridization method was performed according to Seldin & Dubnau (1985) . Native DNA was labelled with digoxigenin-11-dUTP by DIG-High Prime (Roche). DNA G+C contents of novel strains were determined as described by Johnson (1985) .
The morphological properties of strains S63 T , S77 T and S78
T are consistent with their assignment to the genus Streptomyces (Williams et al., 1983) . Strain S63 T forms a highly branched aerial mycelium with smooth, cylindrical spores produced in monoverticillus flexuous spore-chains. Primary verticals or whorls were distributed on a long axis or branch with no apparent spirals. Spore colour developed from white to yellow-white after 18 days (Fig. 1) . Strain S77
T produced branched aerial mycelium with spiny spores in simple rectus flexuous spore-chains. Spore colour changed from white to purple or red after 20 days growth on YME agar (Fig. 1) . Aerial mycelium of strain S78
T was branched and formed simple rectus flexuous spore-chains. Spores were smooth, cylindrical and white after 10 days growth (Fig. 1) .
Consensus primers AM44 and AM42 successfully amplified the 16S-23S ITS region from all Streptomyces strains tested except strain S77 T . 16S-23S ITS region sequences ranged from 272 to 315 bp in length and considerable sequence variation was observed between species (Fig. 2) . Strains S63 T and S78 T showed relatively low sequence similarity with other strains, having less than 71?2 and 75?7 %, respectively. Repeated attempts with these primer sets failed to amplify the 16S-23S ITS region of strain S77
T .
DNA-DNA hybridization values are presented in Table 2 . DNA relatedness levels of strains S63 T , S77 T and S78 T against strains of other potato scab pathogens were very low, including S. scabiei (¡16, ¡16 and ¡21 %, respectively), S. turgidiscabies (¡16, ¡13 and ¡17 %, respectively) and S. acidiscabies (¡10, ¡11 and ¡17 %, respectively Goyer et al., 1996; Miyajima et al., 1998; Bouchek-Mechiche et al., 2000) . The colour of spores after growth on YME medium was distinctly different (yellowwhite, purple/red or white). Strain S63 T had true verticilates with a wide main axis and uniform spacing between verticils, whereas strains S77 T and S78 T had a simple, straight, flexuous form. Strain S77 T had a spiny spore ornamentation.
In this study, S. caviscabies, S. europaeiscabiei, S. stelliscabiei and S. reticuliscabiei were not used in comparisons of 16S-23S ITS region sequences or DNA relatedness, as their morphological characteristics differ from those of the novel Korean isolates by having smooth grey spores borne in spiral chains, producing melanin, utilizing all diagnostic sugars recommended by the International Streptomyces Project (ISP), failing to grow at pH 4?5 and that they are isolated from pitted and netted scab lesions, whereas all Korean strains were isolated from raised corky lesions.
Levels of DNA relatedness of strains S63 T , S77 T and S78
T with type strains and Korean strains of S. scabiei, S. turgidiscabies, S. acidiscabies and other Streptomyces spp. were low (¡21 %). Keswani & Whitman (2001) classified DNA hybridization values according to four methods: the S1 nuclease method (Crosa et al., 1973) , the membrane filter method (Johnson, 1985) , the hydroxyapatite method (Brenner et al., 1969) and the renaturation method (De Ley et al., 1970) . Also, ambiguity results from the fact that a change of 1 uC in melting temperature of the hybrids is equal to 1?7 % change in sequence similarity (Caccone et al., 1988) and reciprocal measurements of the extent of DNA hybridization differ by 4-8 % (Sneath, 1989) . In addition, obscure values depend to some extent on the choice of which DNA is labelled and commonly used methods (Grimont et al., 1980) . Nevertheless, DNA-DNA hybridization is the preferred method for defining highly related species (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Bouchek-Mechiche et al., 2000) .
All results presented here show that three isolates that are pathogenic to potato belong to the genus Streptomyces. These data are consistent and we propose that the strains Fig. 2 . Phylogenetic tree constructed from a multiple sequence alignment of the 16S-23S ITS region of Streptomyces spp. DNA distances were established by using the neighbour-joining method (Saitou & Nei, 1987) . Bootstrapping values (from 1000 bootstrap trials) are given at respective nodes. GenBank accession numbers for the sequences used to construct this tree are given in Table 1 . 
